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. NEWTON'S LAW: A COMPUTER-BASED 5IMULATION FOR INTRODUCTORY PHYSICS

PURPOSE

These four individualized programs simulate physical
~experiments in force and motion, graph the unique data
collected by individual students, and provide feedback to
-each student relative to his generalizations. Film Toops
are available to improve the realism of cacin simulation.

ACCESS INSTRUCTIONS

Get-FORCEA
RUN

(Instructions for accessing successive progratis are included
within the f1rst prooram of the Jer1ca)

DESCRIPTION

These programs. introduce Newton's Second Law through simulated
laboratory expericnces, and the iHewton and Kilogran are defined.
In using the programs, studoiits improve their ability Lo wake
generalizations from graphed data and they will improve their
understanding of motion and the property of 1inertia (re'ton S
First Law). The simulated experiments parallel a series of
fundarental, inductive experiments developed by the Physical
Science comm1tteo The GXDPPTPPHLQ are basic, yet to sct up
and adjust the real apparatus is a very time copsuming process
‘This Yaboratory simulation is not desianed to replace.all
first-hand experience with materials; however, the. 1ourning
process can becoiic nore effactive and efficient if appropriate
laboratory work is supplemented with 1nd1v1oua11zed, simulated
oxperiments.

~ In each of the four programs the student must specify the
variables for the particular cxperiment, e.g., the amount of
force to be applied and the mass of the cart, in response to
specific questions from the computer. The computer acts as
"Tab partner" and graphs the data: it then asks numerous:
questicns about the regularitics which arce present. For example,
the student. has to determlne acceleration from a graph of
've10c1ty vs. time 1n a couplc of places.




If the student responds 1ncorrect1y, he is’ g1ven assistance,
and if he fails to grasp the concept after help has been provided -
more than once by the computer, he is 1nstructed to see his '
teacher before preceding; the program is then automatically
terminated. Each, completed simulation ends by instructing
the student to 1ist the sources of experimental error as he
‘envisions them and to state the conclusions which can be

"~ drawn from the experiment. He is encouraged to pursue the
investigation further at home or in the lab.

‘SUGGEQTIONS FOR TEACHERS

This simulated experiment series is most appropr1ate]y

utilized after linear motion and the property of inertia have
been discussed but prior to introducing Newton's Second Law.
Since students will spend approximately 30 minutes -on each

of the four programs, scheduling is critical when large numbers
of students are invoived. If multiple terminals are not ,
available, other materials such as vectors and circular motion
‘may' be discussed in class while students progress through the
simulated experiments on their own time.

To insure that students comp]ete the series of programs,
teachers should ask them that they turn in completed prograins
or that they include them in their laboratory notebooks. When

~a student reports to his teacher because his program was
terminated early and he needs additional help, he should bring
the computer output with him for review with his teacher. The
concept causing the difficulty will be apparent in the closing
lines of the program output. o :

)

1
Physical Science Study Comm1ttee, PHYSICS LABORATORY GUIDE, 2nd Ed1t1on
Heath 1965, 35-37
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Description of the Force and Motion Unit

The series of simulations produced in this étudy pérailel the fun-
damentﬁl, induttive experimenté deveioped by the Physical Science Study
' Committee (PSSC) through which students generalize Newton's Second Law.T
General objectives of the Force and Motlon Unit for experlmental and con;
trol groups are:

A; To brovide the student‘with a detailed understaﬁding of Néwton'S‘
Second Law; ~ | | |

B. To help the student develop graphical skills and an ability to
interpret graphed data;

C. To help the sgtdent develop inquiry skills.

A more detailed list of specific objectives for the unit stated in

behavioral terms is included in a subsequent section of this repoft.

Film Loops. The simulgted investigﬁtions begin as the student views
a film loop showihg a Jet plane during take-off."The film loop places
the student in.the role of expegimenter, and through over-printing he is
asked questions which cause him to consider the variables affecting the
acceleration of the plane. The film fades from the eirplane to a labof—
atory environment wherein the student is shown how to measure thé effects
of varisbles upon the acceleratlon of a dynamlcs cart. After viewing'
‘a person working with the apparatus, students acqulre simulated data that
they must analyze.: After their analysis of the data, they move through
succeséivg viewings of film loops and interactions with the simulated

experiments.

1 Physical Science Study Committee. Phy51cs Laboratory Gulde.‘ Englewood;
N.J.: D.C. Heath and Co., 1965 p. 35-37.




Proérams. The simulations are broken into four major‘components,
each developing one maJor idea,as depicted’in Figure l.' Program #1
(FORCEA) develops the concept that the velocity of an object changes at
’a constant rate when a constant force is applled, i.e., a constant force
produces a constant acceleratlon It also 1ntrodu--s the notion that the
acceleration of a body is in.some way'inversely related to its mass.
Programx#2 ( FORCEB) develops‘the idea that the acceleration of an object
is difectly related tokthe applied force. Program #3 (FORGEC).develops
the idea that acceleratiou is inversely proportional to mass when thﬁv'
applied force is held constant. Program #4 (FORCED) synthesizzs theSe
concepts and develops Vewton s Second Law from them, it aiso introduces
the newton as the unit of force in the MKS syste». Each program concludes
wiih problems reviewing the concepts ueveloped in the'unit up to that
point. Also, the student is asked to list the sources of experimental
_error asnhe envisions them and tobstate the conclusions which can be
drawn from each inyestigation. He is encouraged to pursue each investi-"
getion further at home or in the laboratory.
| Students interact with the conpnter through remote terminals using
natural language messages to get unioue data they are to analyze. Each
computer_progpam‘begins with a short qguestion to}assess whether or‘nott
the student has attained the competencies necessary‘to enter that phase
of the unit. If he does not meet’the entrance‘competency required in
programs #2, #3, and #k, he‘is given a:second chance to do so without any
assistance. If he responds incorrectly the‘secondttime, he is told tov
review the previous program. If the computer determines that he dces not

meet the entrance competency at the beginning of program #1, he is given



\ : ‘ Objects have constant velocity
. Entry Concept: - : _ o 2
' when no net force acts upon them.|"

Constant force causes velocity

: S to change at a,con&tant rate.
Program #1: ' :

T S S G > G > G G T (o T W A G G T Gt i ke, Gt S G G S0

Determine acceleration from

velocity versus time graph.

l

Acceleration is directly
Prégram #2: K proportional to force.

ANF

,

Acceleration is inversely

Program #3: o proportional to mass

Acl1l/M

Program #4:

Newton introduced as force

unit in the MKS system.

Figure 1. Sequence of Major Concepts in the
' Instyxuctional Unit :




ASSistaqce Bj means of tyred messages, If‘he fails to respond cofreCtly
in three atﬁémpts, he‘is toid fo'reviey certain méterialsgbefore returning
to the cbmﬁuter termiﬁal.

‘Aftérithe student enters.a particular program, the computer plays
the role of the‘student's lab partner in a dialbg mode. It asks questions -
which allow the student to specify‘the independent var;ables in the inves-
tigation such as the amount of force to be appliéd ahd the mass of the
carﬁ,.and it generates. unique daﬁa for the dependent variable ‘very
similar to that obtained by experimenters uaing the real appgratus shown_i
in the film»loop.“ Iﬁ data collection, the computer types out statementé
such as: '"You make the simulated run with the cart applying a force of |
XXX (sprcified previously by the studéﬁt), fﬁﬂn I'll_analyze the tickér
tape; meke a data téble, and plot a‘graph of veiocity vgrsué time..."

The‘cémputer organizes and'plots‘the dats many times faster than the
studént can, thus allowing him to focus on the feéularities apparent, in
the data instead of the algebraic manipulatiopé necessary to graph the
daﬁa. An evenAmpre important aspect of these dialogs‘dfe the questions
the computer asks the student concerning generalizations which shogld be
aéparent in the data. 'At some points ﬁhe student is asked to dete;mine
acééleration from a‘velociﬁy versus time gfaph (slope). At another point
he‘must‘note that a cu;Ve does not pass through the origin, and he is
asked to explain why it.does not én so. |

Typed below is a short extract from program #2 which conveys the

hature of the interactive dialog concerning graphed'data:2



NOTE THAT THE GRAPH DOES WOT PASS THROUGH THE v
ORIGIN. - APPARENTLY THE CART DOES ‘NOT ACCELERATE
WHEN WE APPLY A SMALL POSITIVE FORCF WHAT
CQULD CAUSE THIS?
? FRICTION
THERE IS FRICTION BETWEEN THE CART AND THE FLOOR
WHICH OPPOSES THE FORCE WE APPLY. STUDY THE GRAPH
ND DETERMINE FROM IT THE FORCE or FRICTION (IN LOOPS)
2.5,
FINE! THE PORCE OP FRICTION IS REPRESER 'TED BY THE
~ INTERCEPT-OF THE GRAPH WITH THE FORCE AXIS.
- HAD WE USED A CART WITH GREATER FRICTION THAN IN
OUR EXPERIMENT WQULD THIS INTERCEPT BE TO THE
- RIGHT OR LEFT OF ITS PRESENT LOCATION?
?RIGHT :
CORRECT! NEXT, I'M GOING TO~TAKE THE DATA WE
COLLECTED AND PLOT THE RESULTANT FORCE ACTING ON
THE CART, INSTEAD OF THE ¥ORCE YCU APPLIED .IN EACH
RUN. (THE RESULTANT OR NET FORCE IS THE FORCE
YOU APPLIED MINUS THE FORCE OF FRICTION.)
TYPE IN THE POINT WHERE YOU THINK THE NEW PLOT WILL
INTERSECT THE FORCE AXIS.
20
RIGHT! HERE'S THE NEW GRAPH:

For brevity only correct fesPOnSes have been shown. Had a response
been incorfect, a discussion of fhe particular'item weuld have appeared,
followed by further questions on the same point. . If the student exceeds
a certain error rate, he is told to consultrﬁith his teeacher béforercon—
tinuing the program. A sample error branchlng sequence is shown dlagram—
matically in Figu#e 2. The dashed line in the Figure 1ndicates that after
proQiding help the teacher has the option of sending the student on to
the nextvinstructional sequence or retufniﬁg him to the same instructional

sequence in which he encountered difficulty. This particular program

2 Question marks at the left edge of a line are followed by the
student's response
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.{ © : - Interactive

Simulation

<7
Brief. Instruction

Sequence for Concept n
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L e

l\?

- 7rest for Concept n

Simulated Data:

as Related to Graph of lon

Help #2
on Concept n

Help #1
Concept n

I

Ist | ‘
No | i :
orxrect . . Time
9 _ \/ e

A

—— e —— i s i i s s o s '

T
l
¢
{
l
$
f
!

L

Yes 3rd
t‘!’ - ] t]!’
. Brief Imstructional 1 1 To Teacher
. T oy e ]
Lfequence for Concept n+l:k“ for help
v

etc.

Figure 2., Sample Branching Sequence




‘segment extracted from pfogram #2 is féllowed by the plotting of a new
graph,,a brief diséussion of thét graph, and a diaiog which asks_the‘
student to write an equation to fit the;graph. The sémple computer
dia;og runs included in this report shéuld be reviewed individually for

8 more thorough overview of the interactive simulations.

Simulated Data and Problem Sheets. Dsta and problem sheets providing
information very similar to that in the computer programs are incLuded in
the fiﬁal éection of this report. They are designed for use by students
who doinot have access to an appf0priate computer facility. Eachvdata
énd problem sheet reviews briefly the 6bJectives of the particular in-
vestigation and then provides data."the experiménters’gathered... from a
careful analysis of the ticker tape pulled by the cart." Each student
is asked to graph the data and discuss specific questions relating to the

graphs on an "investigation work sheet."

Unit Development

. ‘The particular concepts taught in this instructional unit were
selected for several reasons. They are fundamental_in‘mechanics, théy
are readily amenable to graphical display as linear relationships, and
‘the author has observed that few physics teachers have students do
lavoratory work in tﬁe area.  Initial program writing was done .in
English languagé. During the lesson vriting, main programs were com-
pleted‘before error loops were written. (Error loops provide help
following the éntry of an incorrect student response). The éompleted

programs were then coded in BASIC. Certain other computer languages
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would hgve expedited program coding, but the BASIC ianguage was the only
language available»to the author's students at that time,.and it did not
excessively constrain his initial objectives. In order to remein within
a 5000 word core, each program in the series references a file in which

messages are stored that do not contain variable quantities.

The lessons were altered in minor ways during encoding. Later they
were revised based upon feedﬁaék from a small number of students who
used the materials prior to widespread use of the programs.

The simulated déta and problem éheets were prepared from the computer
lessons after.the computer lessons had been revised.. Data appearing on
these sheets were simiiar_to that which is obtained by computer students,
" and the outline of the sheets parallels that of the computer programs.
Quesﬁiéns and problems included in the computer programs are.included onv
the simulated data and problem sheets. Correct answers are included for
some of the pfoblems, but most often the étudent is not provided with
correct responses on the sheets. Feedback regarding the accuracy of his
responses, if he is to get it, will come from other students, his teacher,
or the graphed data.

Scripts for the film loops'Were written and initial filming was con-
ducted concurrently with the initial program writing. Filming was done
in‘Super 8mm on Kodachrome II film. After commercial processing,‘film
clips were spliced into final form, and they were then commercially
reproduced and placed in cartridges. (Titling'was accompiished‘by filming

through plates of glass on Which block letters had been placed;)
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Classroom Implementation
Teachers who use the Force and Motion simulations may bring their
students through preliminary materials in a variety of conventional vays
(See Behavioral Objectives 1-4.) The students then progress individually
at their own rates through the programs. Students normally schedule
their programs outside of class time. Completed programs are to be

submitted on certain dates which are specified in advance,
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SET-FORFCEF
Foritd
FORCER

MELCOME TO CF TIMATED FRYSICT LAR. THROUGH THIS SERIES UF
PROSAAT G0 FTLM LORRS WS WILL INVEITIGRTE HOW

FGPLE RFEFECTT The MOTIOM GF RN DELTCT,

HAVE YOU MATCHED THE FILM (LGOP FOFCE 2 HOTIGH 17

UZE GisLY NUMCTSLS AND CRFT FIR ANSWERS
TVET

OHE IHSTRUCTION EEFIE ME EEATHT WHEN YHCFE RTEED TO TYFE

I MUMECICHL DSTRe DO HOT TVIEE THE UHTTS DF THE MTMER.  FOR
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THE CRHTTHNT FOACT WS ACPLIED IN THIC 0 DID CEPILCE R CONTSTAMY
P CELE T Y0,
AHALYSE THE G D DETERHINE THf—' FCCELERATION IN CMAYECATEC,

OF . Ol CONSTHENT FUFCE LOF " CM CAUZEDR OUP CART TO HAVE A COMNTTHENT
ACCELEERTION OF 12,2 TECALEL.

B3 YN CSNTEE DU O TATH ALSD INDICATE THAT THE MAtS OF THE CARTY DID
RFFECT TH- ROCFLLL - TI10N. .
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RCCELESTINT

PEREARTER

.

CORFPECTS THE ZHMALLEF MASS LMDIEFMENT R LARCER ROCFLERATINH.
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FINE?! Tht: FOMCE CF FRICTION TE lEF:l'fNIFU kY 1HF ITHIG ¢ FT
COF THE GRp/E WITH THE FORCE H’I' : ,
HAl WE UZED 9 CART MITH GREATER FRICTION THAM I Oue EXNPERIMENT
WOULTE THIS IMYEFCERT BE TO THE RIGHT OF LEFT OF ITE

FREZEMT LOCATIONT  CTYFE “RIGHT O “LEFT” )

TRIGHT '

CORFECTS HENT« 1M SOING TO TAKE THE DATA WE COLLECTED RHD° FLOT
THE FEIULTANT FORCE ACTING OM THE CAPT. IMSTSEN OF THE -
FORCE WOU REPLIED 1N ERCH FUNM. CTHE SESULTANT O NET FURCE

I3 THE FORCE DU AFPLIED MIMUS THE SORCE OF FRICTION.

TvPE N THE FOINT WMHEFE YOU THlHk THE HEW PLOT HILL INTERTECT THE
'FUP'E HMTE,

1 .
FIuHT! HERESS THE MEW SRERAFH:
100+
+ k&
H a0 + L
i +
R u +
ELCMASECASECH+
L. 4 I:l + ™
+
&0 + e
+ * .
0 . T S S S S e, T N L T S S N A !
- 1 & 2 s o o v = R L

FORCE «i.00P%2

AR e WS 28 [ LINGEAR RELRTIOMTHIE UCETLHECH FORCE BNMD ROCELE-
FEATION . HOTE THAT THOUSH THE IMTERCEET MITH THE FOROZ AXELS
HAT RZeMN MOWED. THRE  SLOPE OF THE GRASH HET MOT CHaNGED.
FRICTIONAL, Fece DRES MOT AFFERR TO AFFECT THE SLOFE OF THE
RCCEL . W5, FORCE BRAVEH '

WRITE mf EQUeTION TO FIT THI® GREFH, UZE "R TO REFFEIENT HCCELEPﬁTiﬂﬁ
AAD “FY 70O REFEESENT FORCE, LIZE <7 TO REFPREZENT THE SURE CLGHTT
EOTHER TO CALCULETE IT». BEGIM THE EQUATICH: A= ...

TH=KF :

FIGHT Y ==FRUT WHET FUCTORT WTtl CAUIE THE IL
OLZEEVED THAT FETITION Has M0 EFFECT, WHAT U
MIGHT CRULEZE THE FLOFE TO CHAHGET

THR D

FE TD CHEAMSET Wz YE
THZR WRFTRILE

AT WE DEIEFUED T THE LATT EMRERIMINT, HATD poo nw IHw s

FPELOTION TR 7O ACTELERAT IO WWEN / COHITTANT R 1%
FEfL T ED TH Tl e T Eesf ~\‘T WeE- Ll COHDLRTTY F-l !,.'5,,7*:1«""T]TF!'TI"."E

ERRRI (N} E* THID FobnFIo0 L,

REST 60 ¥ RYALABLE




TO 0 1T BE OGN TR LT UT DR YT e SOV FREATIOY DT
PIFCOTLY MRO0TSTIE 0 A0 e B7 ) FOTT RN VE e T PRI
COATYRY . T ECesTIR ] F0 T R OTINN NP .8 g=ef, ]
SHOUL Y f 25 T2 T 00 % 07 02 T D T Y 6 RS TRNT
FORCR@ 10 1o THE 9 107 TRt W Al FRSCES ol s e THE
V0¥, HOWs TR THID FEDLN RIS

MOIFRCETHIR T2 RCCELSSARTING IN SRACC AT L0M-300-IFC DUD 1D THE FOSTE
PROVIDST o DHE SIW0RT SPlnT, SHTISIY 2 1000 TISHTICHL POCKETS prc
TGHITET ¢ oI aHSE L 1 195 0 DISEETE ) o0 THE FIPIT. WHAT
RCCELE . TTUH T 10500 7uf 1032 THE THIP i &1L CRIENCET

730

GOGDY B F T RROE FEIITLOH L0S YOO TR TPY?:
IN $0 100 & 0020 T MoV ELeeal ™ FROM FEST TO 10 "EED U 300CM-IEC
MUEN RS TSR 05 0% 0 13T BT CEGRY . AT THE Bl Ue THE 1 0_EC
INTE-Y . F S00Ee -0 a0 =VHas D 173 ORTALSL ST " iinTH,

MHAT 15 THE TREED b THE ORSECT T 1. €l 07 1« FIPIT 20 ZEC IN
CHoTEL S

400

CHOFFECT ?

YO HEvE HOW COUSLETEDN TR TIHOLATED EXNFEVHL-NT,  PEFMHIFS
YOU STILL T2 @Rl 70 e U TE IMVE I TIGHTIG FUETHEP T
HOME O IW V3OS Lk,

AFTED YOI VE TIGHED OFF THE TESMINSL o &DLL M1 SEVERAL
INCHED GF FOCTR30 0 O 0T LT THS TNl OF o0y 80 SiTd
EREOT 0 VU0 SIS Ti e THEN 0T JTETL 1o%T B EEe CR 0L’ 10N
YO S o) FRUEY THY Expgc B INT . TRCLUEE Tid) 2 FR&CS 1IN
VO PR RO Sl g

MY TO0A b WM BedE The CRES™VRITY VIEM THE HENT FILN
LODH “FHSUE & MOTIL T1) s THEH FUY CFOCECe,

1

TQ JI6H O Thio TEEAINGL TY-E "DYEY AND FFESS THE PETURN EY

DUnHE;

BEST COPY AVAILABLE

L 2 ® - s o @ L [ ) L L d



23

et
FORCED
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A RCECL . OF @MCTEC. TEO RHD MATS B AN PCOEL. OF GReIECHIEC,
WHAT T3 THE ACCCLs 1IN MATECASECH MMEN THE TWO HFE FASTENED
TOGETHER FMD THE SHNE FOSCE 1S APPLIENT

1.5

CIRIRNLH
THE LAIT FEW QUEITIONS DERL WITH THE SRAMH FRIMTED IELOM

WMHICH THOWL THE VELOCITY GF A 10kG  DRJECT ALDOMS A STRAIGHT
FriTH.

10+
l.._l o+
= o4 b » k4
- + *
L+ X ;
COCMeTEDY o+ ® T
I E R b
T + h
f 2+ ks
+ s
O+ + + + + + + + 4+ + + + + + + + + + M + +
0 c 4 & = 10 12 14 1a 18 20

TIME C(SEC)

IMH THE HEXY 3 QUESTIONHS TYPE IM THE LETTERP OF THE EBESRT
FEZFONIE -

THE MET FORCE ACTIMG ON THE DORJECT HMAS 0 AT <R O TECS CB>
[

i.
4 E- CCD O10TECS (D> 12TECS CEX 163ZECH (F) NOME OF THE RAEIYE

1‘|vv

COFRRECT !

&. THE MET FCOFCE RCTING DN THE OFRJECT WSS GRERTEST AT: ‘
CRY 0 ZECS CBM 4 SECE Q) 10 IECS <) 13 SECT CEY 15 SECS
oF> MOME OF THE AROYE. ‘

TD

H00n:e

%. THE NET FOFCE MAZ CONSTANT BETWEEN:(R) 6~9SE0i
(CY ES-1S2ECE D) 15-18SECS C¢EY NOWE OF THE AEOYE
-?- E:

INCOPFECT . THE FORCE IZ COHTTAMT WHERE THZ QOCElL . IS COMSTEHANT.
FEMZMEES THAT THZ ACCEL. AT ARY POINT I3 THE SLOFE OF THZ ¥ ”’FEU- T
GROGH, FIND THE LTTTED TIME INTERWAL IH UHICH WELDCITY CHYUGES AT H
CONZTAMT PATE. AMD TYPE IM THE CORFICT CMILER.

“In

- . & . . =
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4. WHAT WAY THE ®CCEL . OF THE DOBJECT C(IN MsSEC-SEC)H AT & SECT

FINE
S. DETERMINE THE NET FORCE ¢IN N> AT & SEC. ¢OBJECT HAS MASS OF 10KG)
TEO

WREOMS, F=MA. MULTIFLY THE PMRSSCIOKGY EY THE ACCEL. CALCULAYTED IN THE
LAZT FROELEM. CHECK YOUR CARLCULATIDNS AND TYFE IN THE CORKFECT RAHIWER.
TS

YERY MICE.

YOUSLL NOTICE ON THE GRAPH THAT THIE CONSTANT FORCE OF SN LRSS APPLIED
FROM QZEC THROWUGH = ZEC. MOWs THE FIMAL FROLGLEMS

&. DETEFMINE THE FORCE <IN N} ARCTING AT 13 ZEC.

a0

rll ']

Okt IT“S A SO00D IDER TO LWRITE THIS FORCE AS —-20M EZINCE
THE FORCE IS OPFOSITE THE DIRECTION IN WHICH THE ORJECT IS
MOW MG,

THE IDEAS WMEYE BEEN DISCULSIING IN THESE FOUR FROGEHMS RAFE

FUMDSMENTRL TN CLASEICAL MECHANICE. OUR UNLERITENDINMS (OF THEM

HAZ LEEN GREATLY ENHMRHCIZD BY THE ERILLIAMT INSIGHTE HEOVIDED

EY GRLILEGs HEUTONC RND THEIR SUCCEZSORT, THE STORY OF THE WOREK

DF THEZE ERELY ICIENTIITE IS FRTCINATING REALING,

THESE ITLEZAE PRUIVIDE A STRRTING FOINT FOR FURTHER STUDY IN

MECHANMICT. “ERY Z0DMs FOR EXAMFLEs 00 WIILL STUDRY FARLLINMG

FODIES, WHEN A EOQODY FRLLES THE FORCE CAUSIMG IT TO ACCELESRATE

IS ITE WEIGHT...

IT HAZ EEEN %ERY MICE WOREING WITH ¥YOU INM THESE FRAST FOUR
ERPERIMTNTI, PEFHRPS HEZLL MEET AGHIN IF SOMEGHE WILL WRITE

HDF“ FROSCAME...7

FEEFORE WE PART. YOU'LL HAYE 7O TYFE INM THE EOUATION REPFRE-

IEMTIMG HMEWUTOM S gnD LAW WHICH WME DEVELORED IN THIZ FROSAEM,

EZEIH THE EQUATIGN: F= ... AMD DO HOT IMCLODE A MULTIFLICHTION ZIGH.

YF=MA ‘ ‘

AUF WIEDERSEHEN

TO =IGH OFF THE TERMINSL TYPE “EBYE“ RND FRESS THE RETURH KEY.

LGV IE
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GENERAL OBJECTIVES

General instructional objece¢tives of the Force and
Motion unit are:

A. to provide the student with a detailed under-
~standing of Newton's Second Law;

B. to help the student chelop graphical skills
and an ability to interpret graphed data:;

C. to help the student develop inquiry skills;

D. (for Group I students only) to familiarize the

student with the computer.

BEHAVIORAL CBJECTIVES

The instructional objectives may be stated in more
specific bchavioral form. Prior to beginning the Force
and Motion unit the student should have studied certain
prerequisite concepts and skills for which the unit does
provide reinforcement and a limited amcunt of assistance:
in the event of conceptual difficulty. When the student
has ﬁastcrcd the entry concepts and skillz he will be able
‘to; -

1. determine the accelcration of an object given‘
data describing its charnge in velocity; |

2. describe the velocity and accelcratio£ of an object

when no net force is agpplied (Newton's First Law):
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3. determine the slope and intercept vaiues when
given a.linear graph;

4. write an equation to fit the data when given a
linear graph.

At the completion of the Force and Motion unit the

student should have mastered additional concerts and process
skills such that he should be able to: _
5. determine the acceleration given the force applied
to an objéct;
6. determine the force acting on an object given its
acceleration (in Newtons or in arbitrary force units);
7.v determine the mass of an object given the force
applied and the resulting acceleration; |
8. determine the applied forces given data describing
the velocity of an object at various times;
9. describe the effects of forces on an inertial mass;
10. describe the effects of a constant force on the
motion of an object;
11. determine the frictional force from a graph-'of
force versus acceleration for an cbject;
12. describe the effects of friction on the acceleration
of an object when a force is applied;
13. determine where velocity, acceleration, and force
‘are maximum, constant, and minimum respectively given a

velocity versus time graph;
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14. fit an eguation to a first order inverse re-
lationship;

15, plot the velocity of an object as a function of
time given a ticker tape pulled by the object through a
timer; .

16. describe the effects of experimental error on

the variables under investigation.
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FORCE & MOTION
Computer Simulation

Message £o Students

These four computer programs which you are about to use simulate
experiments in force and motion. They will help you understand somne
basic idcas in physics. [If you have never used a computer terminal
before, don't panic, for it is much less intelligent than you are. It
can, however, do some things faster than you can - as you will see.
You don't have to know any special computer language to use these
programs; it will help though, it you know how to use the English
language! !

" Typed below are some special instructions which will enable you to
use the physics programs which are available in the computer.

1

1. Turn on Power (Power Ol)
2. Dial - ___. ___- and listen for high pitch tone
3. Place phone in coupler '
. At Keybvard type: HEL - ____, ___ 5 then press

RETURIL  Key. = (1f all is well the computer will.
type: READY

5. Type:, GET - PFORCEA, then press RETURN Key

6. Tpr' RUIL

From here on all other instructions uu!l be typed out for you by

~ the computer. HRcad the sessages carefully. Whenever a question mark
appears on the left-hand side of the paper and the teletypewriter stops
printing, you must type in a response and then press the RETURH key. 'The
computer is looking for short responses in answer to its questions like:
DIRECT, or 27, or COUSTAIT.

Hcre are three notes of procedure: ,

1. To represent the number one (1) you must use the key labeied
with the numeral | which is located at the left of the top line on the
keyhoard. . '

2. To represent the quantity zero, you must use the key labeled O
located at the right of numeral 9 on top line of keyboard.
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3. When making your responses, do not tvpe in any
extra swvaces. The computar has not been programmed to
recognize them in these simulations.)

If you make an error in typing which you wish to
correct before vou press the RETURN key, one method you
may use to correct your answer is: Hit the ESC (ZSCAPE)
key which is located in the urper left corner of the key-
board and then retype the correct answer.

 To terminate: Type BYE then press RLTURN key.
Then Push Power O switch and licht will go off.

Make approeoriate entry in LUNET LOG (time 1is
expressed in minutes on data sheet such as: "006
minutes of terminal time."

The four Force and Motion programs are named:
FORCEA; FORCEB; FORCEC; FORCED.



38

FORCE & MOTION

Computer Simulatlons

To: Physlcs Teachers

]

SUBJECT: Instructions regarding students whese programs have
been terminated due to pooer understanding of a concept.

A non threatenlng attitude should exist such that students whose
programs have been terminated due to poor understanding of a concept
readily come for consultatlon with thelr tecachers. After discussing the
concept thoroughly with the student, the teacher may rccommend one
.of the following threc options:

1. The student should rerun the entire program from the
beginning In order to galn additional experience.

2. The student should proceed with the next program in the
scries If the tcacher feels that the student understands
the concept well and would not profit from rerunning the program.

3. The student should begin again, In the middle of the program
which was terminated, and complete the remalning part of the
_program,

The following table Indicates line numbers at which students can
restart thelr programs. The Instructions to be typed Into the computer
after sligning on are, e.g.

GET~-FORCEA

RUMN~910
Program. Starting Point - RUN
FORCFA | Problem at the end of the program 910
FORCER Problems at the end of the program 1260
FORCEC Problems at the end of the program ‘ 1270
FORCED | , 80 kg astronaut problem 460
Braking car probtem | 580
Kitchen stove problem ‘ : 700
2 masses fastened togethear - | 800

Graph problems ‘ 880
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Evaluation Instruments

The iﬁstruments used in data collection for this unit include a
criterion-referenced pretest, a criterion-referenced posttest, and a
student attitude survey. A description of the evaluation instrument
follows:

Pretest. This examination is a forty item, multiple choice response,
criterion-referenced test which measures cognitive skills. Test items
were adapted from several sources. The largest number of items were
adapted from a set of tests developed by HarQard Project Physics.3
Other items were written by the author, and some were constructed from

problems ‘in the PSSC text.h

In a study conducted by the author, the KRZl
reliability estimate was .85. The test may be administered to assess the
entry behaviors of the students participating in the unit.

Posttest. This final examination is an alternate form of the Pretest.
Numerical values in the items and the names of objects described in the
test have been changed from those in the Pretest; also the item séquence
‘is changed. Ttems on the test measure the attainment of the behavioral
obJectivés specified in the objectives section of this report. The KRéO
reliability estimate is .78. The test measures the student’s cognitive

growth attained through the unit when his score is contrasted with that

on the Pretest.

3 Harvard Project Physics. Testé, Unit I. New York: Holt, Rinehart,
and Winston, Inc., 1968.

-~

L Physical Science Study Committee, op. cit., p. 332-33L.
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Student Attitude Survey. This survey was designed to assess the

student's attitudes toward the method of presentation of the unit. The
majority of items in the survey were adapted from items on an instrument
developed to measure student attitudes toward Computer Assisted Instruction

by Bobby R. Brown.5

> Bobby R. Brown. "Student Attitude Toward Computer-Assisted Instruction."
Computer-Assisted Instruction Center, Florida State University,
Tallahassee, Florida.
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. FORCE & MOTION

TEST

DIRECTTONS: This is a 30 minute test. Do not open this test boolilet until

you are asked to do so.
WYhen you do write on the answer shoet, be sure to usce only an
ordinary #2 pencil. No ink or ball point pans may ™2 used.

Turn your answer shect so that the blue striped area is on your
right. In the upper left corner, write in the name of the school and your
instructor on the appropriate lines. On the line labelled CITY write in the
datc. .

In the upper ripght correr you will sce a group of columns labelled
"Print your name in the boxes provided...". FPrint yeur last name, vour first
name, and your middle initial in the boxes provided. 1f there are extra boxes,

leave them blank.

: In the lower right section of the answer sheet, print your GRADE,
BIRTH DATE, and SEX in the columns provided.

Go down the coluan under each of the boxes in which you have
entered a letter and blacken the space that contains the letter.

Make sure that all marks on the answer sheet are black and heavy
and completely fill the answer spaces. Do not place any marks on the test
booklet. :

Ansver all questions in the test by marking the letter on the
answer sheet corresponding to the one best answer.

DO NOT OPEN THIS TEXT BOOKLET UNTLL YOU ARE ASKED TO DO S0.

O

RIC

Aruitoxt provided by Eic:
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1. An experiment yielded the data given in the table and graph below. .

24 )
t_(sec) d (m) A .zo[: ) ¢
¢ 3 ke
2 8 (n 3’[ o
4 16 lf%
6 24 Obe bt d oy 1
, T (sec)
If these data are cxpressed as an equatien, d=kt, the value of k is
A, 2 m/sec
B. 2 sec/m
C. 4 m/sec
D. 4 sec/m
E. 0.5 m/sec

2. Which of the following increcases with time if a car moves with uniform

velocity?

A. dircction

B. displacement

C. acceleration

D. applied force

E. average velocity

Questions 3~7 refer to the graph at the right.

3. The speed is greatest at the time 1
corresponding to point

A. a : D. e
B. ¢ E. k
C. d

4. The magnitude of the acceleration
is greatest in the time interval

A. atoc D, gtodl
B. c toe E. 1 to k
C. etog ‘

5. The applied force was 0 in the time interval

A. atoc : D. gtoldl \
B. c toe E. 1 tok |
C. etog

6. The magnitude of the applied force is greatust in the time interval

A. atoc D. g to i
B, © to e E. 1tok
C. etog

7. The applied force reaches its mnximum'negative value in the time interval

A. atoc D. g todi
B. c to e F. 1 tok
o C. etog
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8. A car has a maxinum acceleratkon of 4 m/sccz. If it tows a second car

having the same mass and design, the maximu acceleration will be

A.' 0 m/scc?
B. 2 m/scc2
C. 4 m/sec2
D. 6 m/sec2
E. 8 m/sec2

9. A cart, inltially at rest, is pulled with a constant, unbalanced force.
Which graph best rcprcscntg how the spced of the cart changes with time?

hel ©
SJ) 8 Q) g- Ql .
vy & & 27
Time Til[ne Tlme Tme Tlme
10, The equation of the line for the graph at the right is
P
A. P - -S = KUYR
= p. P =kg/R
B. P = KR " E. P - KRr?
c. p=K 0

1/R

11. A man pushes a puck on a frictionless horizontal supface with a force of
20 newtons. The resulting acceleration is 8.0 m/scc”. What is the mass
of the puck?

A. 0.4 kg . .
B. 2.5 kg
C. 4.0 kg
D. 10 kg *
E. 40 kg

12. A car is slowed by a braking force that it comes to rest in-20 sec. If

the car travels at the same spced and the braking force is doubled,

A. the acceleration will be for times the previous value.
-B. the change in velocity will be doubled.

C. the car will cone to rest in 10 seconds.

D. ‘the car will come to rest in 49 seconds.

E. the car will come to rest in half the distancc.

13. To push wy desk across the floor at a constant specd of 2m/sec, I must
apply a force of 200 newtons. The force of friction acting on the desk is

A. 0 ncwtons D. 400 newtons
B. 100 newtons E. Impossible to determine from the information gziven
C. 200 newtons '

14. Which of the following graphs shows the effeccts of a constant force?

A A A A A
* C c C c |-
c c c c c
e e e e . e
1. 1. 1. 1. 1.

Tine Tipe Time Time Time
‘ b C D .
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17,

18.

“A. Square the P variable and praph Q vs. p2

L5

An astronaut in space gives a sudden push to a box that sends it away from
him, Consider the folloving statements (assume {riction is negligible).

1. The force exerted on the box by the astronaut is equal in magnitude
to the force exterted on the astronaut by the box.

2. During the push the acceleration of the astronaut is equal in
magnitude to the acceleration of the box.

3., The astronaut will accelerate for the same length of time as the box.

Which of 'the statements is true if the astronaut and the box have the same
mass?

A. 1 only D. 2 and 3 only
B, 2 only E. 1, 2, and 3
C. 3 only

For the graph shown on the right, indicate the action
you would take in order to work toward finding the
relationship? Q

Take square root of P variable and graph Q vs. VT

B

C. Yo additonnal graph is needed. p
D. Take inverse of P variable and graph  vs. }/P

E. " Take square root of Q variable and graph yQ vs. P

Measurencnts made on a ball rolling down a hill of unknown shape provided
the following data:

Instantancous

Time Speed

0 sec 0 m/sec

1 ' 6

2 12

3 18

4 20

5 : 22

6 24

Which of the following diagrams represents the shape of the hill?

F -
P D 4 :\ E
| i \\\
LD e . =
‘I_, . [y . . ' . . . . . v . /L" PR ’
| S ———— Z i
/ N I

The graph most nearly describinp the motion on the ticker tape above
from the beginning of interval 2 is: '

T]mQ T‘imn . Timn T & onaan o
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19. The acccleration of an object may %e doudled by

A. doubling its mass

B. doubling its velocity

C. doubling its weight

D. doubling the net force acting upon 1t
E. nonc of the above

20. A railroad passenger car is at rest in a railway station. A boy sitting in
the car flips a dime into the air; the dime hits the floor. Later, when tlhe
car is moving at a high constant speed, he flips the dime again in exactly
the same way. Where does the dime hit the floor?

A. At the same spot on the floor as before

B. Ahead of where it hit before

C. Behind where it hit before

D. Impossible to determine from the information given

(=

Questions 21 - 24 refer to the graph at the right.
In each of scveral trials, a cart was pulled with
a different number of equally-stretched, identical 41—
rubber bands. A constant acceleration was A
observed in cach trial. 1

' .

SQC
21. From the graph and your knowledpe of the [~
system, determine the number of bands of 0 t ! ) I A
frictioual force in the system. | 1 ? 3 4 5 6
-21-
A. O ‘ } F
B. 1
c. 2
D. 3

FE. 1Impossible to dctermine from the information given.

22, From your knowledge of the system and from the praph, predict the acceleration
of the cort when a force of two bands is applied. '

A. 2 m/sec/sec
B. =2 m/sec/sec
C. 1 m/sec/sec
D. -1 m/sec/sec
E. 0 m/sec/scc

23. If we change the surface on which the cart is pulled which of the
followiny characteristics of the graph will probably change?

A. Slope and F-intercept

B. F-intercept only

C. Slopce only

D. Neither the slope nor the F-intercept will chage
E. None of the above

24, An extrapolation of the gpraph produccs an intercept on the fUlLL axis which
is not 0. What does this indicute?

A. The mass of the cart was neplected

B. There was a deviation {rom Newton's Laws

C. There was awothér force acting in the dircction of motion

D. There was another force acting opposite the direction of motion

[ERJ!:" E. HNone of the above
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25. A 1000 kg car is travelling at 40 m/scc when-the brakes are applied. 1If
the car stops in 10 sec, the averape force applied to stop the car is

A. 1000 ncwtons
B. 25 ncwtons )
C. 250 newtons . E.

D. 400,000 newtons
none of the above

26. All cxcept one of the following require the application of a net force.
Which one 1s the exception?

. to maintain an object in uniform circular mction.

. to change an object from a state of rest to a state of motion

. to change an object's speed without changing its direction of motion
. to change an object's direction of motion without chanping its speed
. to maintain an object in wotion at a constant velocity

nHOoOOE>

27. A book 1is sitting at rest on a table, Which of the following
statements best describes this situation?
A. There are no forces acting on the book.
B, The book is at rest in any coordinate system.
€. The book excerts no force on the table,
D. There are many forces acting on the book, but they balance each other.
E. None of the above.

28. then the force applied to an object is constant, the object's acceleration
and mass are

A. directly proportional
B. equal

C. unrelated

D. O

E. dinversely proportional

29. When the net force acting on a cart equals 0, the cart
A mu#® be at rest
B. may be in motion
C. mway be speeding up
D. may be slowing down
E. none of the above

30. A planc having a mass of 10,000 kg. is launched from a catapult in 2.0 sec
by a force of 400,000 newtons. Its average acceleration during launch was
A. 40 cm/sec? ‘
B. 1/40 m/sec?
C. 400 m/scc?
D. 1/400 m/sec?
" E. 40 m/sec?

31. Given the velocity vs. time data at the right, select the force

v t
vs. time graph below that best illustrates that motiomn. 4 1
F A 7 B d c 8 2
12 3
; 16 4
1 ' N ) N I l — 1 T~ == oy 18 S
Py r ¢ g Py o o ¥ 2 Y # & s 20 6
4 c 20 7
D s E o 20 8
"/'\‘\ ) ‘/, ' ' A -
X Yy L o . A Yy @ g
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32. The diagram at the right shows a cable car supported by an overhead cable

and- pulled uphill by a

secomd cable. Which of the following forces is 0

when the cable car moves with constant velocity? P

P///nf /\/’-/
A. force of gravity on the car and carriage cabile EL

B. force exerted by supporting cables
C. net unbalanced force on the car and carriage
D. f{rictional force on the wheels of the carriage

E. force exerted by the cable that pulls the car upward A?ﬁaﬂ

Given the graph at the
one at the right which

left in cach of the next three questions, pick the
most nearly describes the same phenomena. Examine

the variables on the graphs carefully.

33.

£ Fl__ F
A B C

I + -
. 1M M J VA '-‘L— B ‘;Lf | ¢
— U c
C +} D ’“[ £
“ \k\ /t ﬁ‘ — / ¢
. f A o I R I C
35
2 i [ LR
y .
¢ +H.oop # £
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‘The graph at the right shows the rclationship between
A

the time and the total distance traversed by a plider S
. : X . DL~ ,
moving on a nearly frictionless air track. Points Py ,
P&’ and P represent the experimental measurcments. ¥ 0. ,
. I =N ;'.“
The dotted curve is a smooth curve drawn through these \3'Of ()’
points. Questions 36 and 37 refer to thils graph. X 2 T P
, ' c;'o), . L@~
. The slope of the curve at tG represents the :§ -0
- . D i | + i L 4 1 i
36. . total distance traversed = T, I t3 ty ty t, C, z
. rate of change of speed o — -
instantancous speed Tolel Flepsed [Jye (Sce)

acceleration
. averaye spceced

o>

37. If the values of the total distance traversed at times Loy Lo and tg are

arranged in order of uncertainty with the most uncertain value of distance
first, the order 1s:

6 8
B. tg te t.
c. ts‘ tg €
D. £, to €
E. t, t, t,

38. A player kicks a .5 kg ball so that it acquires a speed of 20 m/sec in
.4 sec. What was the average force applied to the ball during the kick?

. & nevtons

. 2.5 newtons

. 25 newtons

. 100 newtons
E. 10 newtons

39. A low-friction cart is filled with sand and a constant force is applied.
As the cart moves, the sand falls out through a liole in the Lottom of the
cart. Which graph most nearly describes the motion of the cart?

t.-/\ - . |~ o | __
A B c ‘ D E :
40. ‘Ca: A has a mass of 400 kg; car B has a mass of 1200 kg. 1If both cars are

given the same acceleration, what is the ratio of the force applied to car A
over the force applied to car 8? :

A, 3
B, 1

c. .33
D

E

ocaox >

. 67
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FORCE & MOTION

TLST

DIRECTIONS: This is a 30 minute test. Plecase do not open the test booklet
until you are asked to do so. : -
I
When you do write on the answer sheet, be sure to use only an
ordinary #2 pencil. No ink or ball peint pens may be used.

Turn your answer sheet so that the blue striped area is on your
right. In the upper right corner you will sece a group of columns labelled "Y'rint
your name in the boxes provided ...". Print your last name, your first name,

and your middle initial in the boxes provided. If there are extra boxes, leave
them blank.

Go dowvn the column under each of the boxes in which you have
entered & letter and blacken the space that contains the letter. Do this
for your last name, your first name, and your middle initial.

Make sure that all marks on the answer sheet are black and heavy
and completely £111 the answer spaces. Do not place any marks on the test

hooklect.

Answer all questions in the test by mquinL the letter on the
answer shect corresponding to the one best answer. ‘

PLEASE DO NOT OPEN THIS TLST BOOKLET UNTIL YOU ARE ASKED TO DO SO.




51

1. When the net force acting on a car equals 0, the car
A, mnust be at rost
B. may be in wmotion
C. may vpe speeding up
D. may be slowing down
E. none of the above

2. This test paper 1is sitting at rest on your desk. Which of the following
statewents best describes this situation?
A.- There are no forces acting on your paper.
B. Your paper is at rest in any coordinate system.
C. Your paper exerts no force on the desk.
D. There are many forces acting on your paper, but they balance cach other.
E. None of the above.
3. All except one of the following require the application of a net force. Which
one is the exception? -
A. to change an object from a state of rest to a state of motion
B.  to maintain an object in motion at a constant. velocity
C. to change an object's speed without changing its direction ofs motion
D. to maintain an object In uniform ecircular motion.
E. to change an object's direction of motion without changing its speed

4, The diagram at the right shows a cable car supported by an overhead cable and
pulled uphill by a second cable. Which of the following forces is 0 whaen the
cable car moves with constant velocity? Puliin, N -

A. net unbalanced force on the car and carriage Lot \L//// A

. frictiomal force on the wheels of the carriage

. force of gravity on the car and carriage

. force exerted by supporting cables

. force exerted by the cable that pulls the car upward

.‘;,1/,/11’1'[4,,_[
Cidi/_

mouOokx

5. A subway car 1Is at rest in a subway station. A boy sitting in the car flips
a dime into the air; the dime hits the floor. Later, when the car is moving
over a straight, level section of track at a high constant speed, he flips
the dime again in exactly the same way. Where does the dime hit the floor?
A. at the same spot on the floor as before
B. ahecad of where it hit before
C. behind where it hit before
D. impossible to determine from the information given
E. none of the above -

6. Li"'; . . . , , . . .
——— ~————— | T —— ‘
The graph’most nearly deseribing the motid% shown oun the ticker tape above
from the beginning of interval 2 is:

v | v v - /]

7

/
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Aruitoxt provided by Eic:
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7. When the force applied to an object is constant, the object's acceleration
and miass are :
A. directly proportional
B. equal
C. inversely proportional
D. unrelated
E. O

8. The acceleration of an object may be tripled by
A. tripling its mass
‘B. tripling its velocity
C. tripling its weight
D. tripling the net force acting upon it
E. munone of the above

9. Which of the following increases with time if an object moves with uniform
velocity? '
A. applied force
B. averape velocity
C. acceleration
D. direction
E. displacement

10. Measurements made on a ball rolling down a hill of unknown shape provided
the following data:

Instantaneous
Tiwe Speed
0 sec 0 m/scc
1 6
2 12
3 : 18
4 20
5 22
6 ' 24

Which of the following diaprams represents the shape of the hill?
[

R R

11. Uhich of the following graphs shows the effects of a constant force?

s
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12. A car initially at rest, iIs pulled with a constant, unbalanced force.
Which praph best represents how the speed of the cart changes with time?

3 W x “' i Y //”’—
%, & R -& a-——?———
Tirme Tiome Time time Tione
A B C D E
13. Given the velocity vs. time data at the right, select the force v t
vs., time graph below that best illustrates that motion. 4 1
s 8 2
F F / 12 3
i6 4
" . - ! 3 N
PR 3’t 5 o § ¢ v & 5
A _ 20 6
g B 20 7
F 20 8
{ {
] 1 e [' 2 Ly T v r
SR v
» C D
F |
L . | ’ ’
X oL g’c‘
£
1l4. An experiment yieclded the data given in the table and graph bhelow.
t Q ec) e
3
2
4 <
6 1 i f
KT 6 ¢ Lsec)
If these data arc expresscd as an equation, d=kt, the value of k is
A.. 1 m/sec £3
B. 1 séc/m ~
C. 2 m/scc 3
D. 2 sec/m iy
E. 0.5 m/sec 89 ok
. ~a .
The graph at the right shows the relationship between P g
the time and the total distance traversed by a glidcr-”v ’%19'
moving on a nearly frictionless air track. Pointsg P2, p -
PA’ and P6 represent the experimental measurements. U P f w7
ke "
The dotted curve is a smooth curve drawn through these e . o
. y 4 'y 4
points. Questions 15 and 16 refer to this graph. 6, ¢, & ty s L

. . fﬂf‘"/-’o,”d Trouc (,
15, 1If the values of the total distance traversed at times tr , t . and t_are
arrvangad in order of uncertainty with the most unccrtuin vnlun of distance
first, the order is
A, t t t
5

6 '8

B. ¢ ¢
6 ‘8 Us

C. ts t8 t6

D. te tg tg

F . - - -
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16. The slope of the curve at t, represents the
A, total distance traversed
B. instantancous speed
C. acceleration
D. rate of change of specd
E. average speed

Given the graph at the left in cach of the next three questions, pick the one
at the ripht which most nearly descirbes the same phenomena. Examine the
variables on the graphs carcfully.

17. 4

N s h
- ) \f 3 C l L J*

-~

18. ' A - B c

g — .

/

19.




55

Questions 20 - 24 refer to the graph at the right. Re
20. The magnitude of the acceleration <
is greatest in the time interval 'E
A, a toe D. g tod
B. ctoe E. 1 tok
C. etog

21. The speed is greatest at the time correspondiing to point

A, ¢ D. 1
B. g E. k
C. h
N
22. The magnitude of the supplied ferce is greatest in the time interval
A. atoc D. g to i
B. ctoe E. 1itok
C. etog
23. The applied force was 0 in the time interval
A. a toc D. g to i
B, ctoe E. i tok
C. etog
24. The applied force reached its maximum negative value in the time interval 5
A. atoc D. g to i
B. ¢ to e E. 1 tok
C. etog

25. To push my desk across the floor at a constant speed of 2 w/sce; I must
apply a force of 150 newtons. The force of friction acting on the desk
is :

A, 0 newtons D. 300 newtons

B. 75 newtons D. Impossible to determine from the information given
C. 150 newtons

26. An ice skater gives a sudden push to a sled that sends it sliding away firom
him. Consider the following statemepts (assume friction is negligible).

1. The force exerted on the sled by the skater is equal in magnitude to
the force exerted on the skater by the sled.

2. During the push the acceleration of the skater is equal in magnitude
to the acceleration of the sled.

3. The skater will accelerate for the same length of time as the sled.

Which of the statements is true if the skater and the sled have the same

mass?

A. 1 only
B. 2 only
C. 3 only

D. 2 and 3 only
. 1, 2, and 3
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27. A car is slowed by a braking force so that it comes to rest in 10 sec. If
the car travels at the same speed and the bLraking force is doubled,
A. The acceleration will be four times the previous value.

B. The change in velocity will be doubled.
C. The car will come to rest in 5 secconds.
D. The car will come to rest in 20 seconds.
E. The car will come to rest in half the distance.

28. A low-friction cart is filled with sand and a constant force is applied.
As the cart moves, the sand falls out through a hole in the bottom of the
cart. Which graph most nearly deseribes the motion of the cart?

<

l Z‘ Jéii:jﬁx___ T +
A B C .

Questions 29 - 32 refer to the pgraph at the right.
Tn each of several trials, a cart was pulled with (L4

rubber bands. A coustant acceleration was observed

-
5:¢
in each trial.

a different number of equally-stretched, identical (W%/

29, An extrapolation of the graph produces an o

Intercept on the forece axis which was not O.

What does this indicate? -2
A. The wmass of the cart was nerlected.

B. There was a deviation from Hewton's laws.

] 11

1

C. There was another force acting in the direction of motion.
D. There was another force acting opposite the direction of motion.

E. MNone of the above.

30. Froum the graph and your knowledge of the system, predict the acceleration

of the cart when a force of one band is applied.
A. 2 n/sec/sec :

B. -2 m/scc/sec

C.. 1 m/sec/sec

D. ~1 m/sec/sec

E. 0 m/scc/sec

31. If we change the surface on vhich the cart is pulled which of the
follouiny characteristics of the graph will probably change?

A. slopc and F-intercept
B. F-intcrcept only
C. slope

D. tleither the slope nor the F—intercépt will change

N

. none of the above

32. Frou the yraph and your knowledge of the system, determine the number

of bands of frictional force in the system.

A. 0O
B. 1
c. 2
D. 3

E. idimpossible to determine from the information given

O

RIC

Aruitoxt provided by Eic:
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33. The equation of the line for the graph at the right is
A K Q
R Q = o
P p. Q=KD
B. Q = KP E. Q = KPZ
_K
L. Q= ;5 0 V{4

34. Tor the graph shown on the right, indicate the action
"~ you would take in order to work toward finding the
relationship. }/
A. take inverse of x variable and graph Y vs. 1/X )
B take square root of x variable and graph Y vs. Ix
C. mno additional graph needed
D. square the x variable and graph Y vs. x2
E

take square root of y variable and graph \Y vs. X =
35. A 2000 kg car is traveling at 50 m/sec when the brakes are applicd. If
the car stops in 10 sec. the average force applied to stop the car is
A. 8000 newtons D. 800,000 newtons
B. 300 newtons E. none of the above
C. 5 necwtons

36. A man pushes a puck on a frictionless horizontal surface with a force of
10 newtons. The resulting acceleration is 4.0 m/sccz. What i{s the mass
of the puck?

A. 0.4 kg
B. 2.5 kg
C. 4.0 kg
D. 10 kg
E. 40 kg

37. Car A has a mass pf 500 kg; car B has a mass of 1500 kg. If both cars are
given the same acceleration what is the ratio of the force applied to car A
over the force applied to car B?

A. 3 D. .67
3. 1 E. O
Y 33

38. A plane having a‘maés of 10,000 kg is launched from a catapult in 2.0 sec
by a force of 300,000 newtons. 1Its average acceleratjon during launch was

30 cm/sec2
1/30 m/sec?
300 m/secc?
1/300 m/sec?
30 m/sec?

Moo= >




39.

40.
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A car has a maximum acceleration of 5 m/sccz- If it tows a second car
having the same mass and design, the maximum acceleration will be

A. 0 m/scc2

B. 2.5 m/scc2

C. 5 m/scc?

D. 7.5 m/scc?

E. 10 m/sec?

A player kicks a .5 kg ball so that it acquires a speed of 10 m/sec in
.2 sec. What vas the average force applied to the ball during the kick?
A. 4 ncvtons

B. 2.5 ncwtons

C. 25 ncwtons

D. 100 newtons

E. 10 ncwtons
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FORCE & MOTION

Attitude Survey

DIRECTIONS: This is not a test of information; therefore, there is no

one "right" answer to a question. We are interested in your opinion on
cach of the questions in this survey. Your opinions will be held strictly
confidential. Do not hesitate to state exactly how you feel about cach
iteri. Ve arc secking information for an evaluation of the Force and Motion
unit; pleace be "frank'", and thank you for your help.

Please respond to each statement in-the survey by marking your answer
sheet according to the following code:

. Strongly disagree
. Disagrce

. Uncertain

. Agree

. Strongly agrec

Vi =

When you write on the answer shcet, be sure to use only an ordinary ft2
pencil. No ink or ball point pens may be used.

Turn the ansver sheet so that the blue striped area is on your right.
In the upper left corner, write in the name of the school. On the line
labelled CITY write in the date. '

In the upper right corner you will see a group of columns labelled "Print
your name in the boxes provided...'. Print your last name, your first
nane, and your middle initisl in the boxes provided. If there are extra
boxes lecave them blank. Go down the columns under each of the boxes in

~letter.
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. STRONGLY DISAGREX

RESPONSLS: 1
2. DISAGREE
3. UNCERTAIN
4.  AGREE
5. STRONGLY AGREL
1. I felt I could work at my own pace in the Force & Motion unit,
2. The unit made learning too mechanical.
3. I found it difficult to concentrate on the unit because of the method of
presentation. '
4. The method of presentation of the unit made me feel tensec.
5. While working in the unit, I felt isolated.
6. Responses to my answers werc helpful and appropriate.
7. The Force & Motion unit was an efficient use of a student's time.
8. 1 could have learned more if I hadn't felt pushed.
9. Lven interesting material will be bLoring, if it is presented as the Force &
Motion unit was.
10. I am not in favor of this kind of instruction because it depersonalizes
education.
11. After studying the Force & Motion unit, I was interested in finding out more
.about the subject matter.
12. The method of instruction was too inflexible.
13. VWhile working in the unit I felt as if someonc were cngaged in conversation
with me. ‘
14.  The Force & !Motion unit made it possible for me to learn quickly.
15. I was not concerned when I missed a question because no one was watching me.
16. VWhile workins in the unit I felt as if I had a private tutor.
17. The Force & lotion unit made allowances for students with different levels of
understandling, ‘
18. I enjoyed the method of imstruction used in the unit.
19. The Force & Motion method of instruction denied me the opportunity for self
expression.
20.

1 prefer lectures and demonstrations to the method of instruction used in the
unit. ‘
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21. The Force & Motion.unit helped me in understanding the role of computers.

22. The flexibility of scheduling the unit caused me to be too casual about getting
on the computer system, and 1 let things go for too long before I tried to run
the programs. )

23. During the unit I was more involved in running the computir than in understandi
the material.

24, VWhile using the Force & Motion unit, I encountered serious mechanical mal-
functions in the computer systom.

RESPONSES: 1. STRONGLY DISAGREE
2. DISAGREE
3. UNCERTAIN
4. AGREEL
5. STRONGLY AGRLE
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FORCE & MOTION
TEACHER REPORT

o

Name: Schiool: Group:
Beginning date of unit (Pretest): Fnding date of unit (lst Posttest):
## of class periods in unit: Length of class period:

Approximate homework time per class period/student: .
Date of 2nd losttest:

Texts used by physics classes in the study:

What portion of a typical week would you normally devote to student experimentation?

(Ex. 40 min/week)
To what extent did the experimental unit take the place of your usual coverage of
the material?

How would you rate your teaching facility (equiprent, supplies, room size)?

Ex. CGood _ 0 Fair__

___ Poor_

How many years have you taught physics?
How many semester hours of course work have you had in the Physical Sciences?

0-10___ 10-20 _ 20-30_____ 30 or morc__

Did the work with the experincental unit make excessive demands upon your time?

Yes,

HNo _ Comnents:

tWhat other area of science teaching do yvou think would benefit most from the
developrnent of a computer supplemented unit similar to Force & !lotion?

O

[SRJ!:nsc use the reverse sjde Lo state other observations and evaluative comments,
s



NEWTON'S LAW: A COMPUTER-BASED SIMULATION FOR INTRODUCTORY PHYSICS

" EVALUATION OF CLASSRCOM USE

technical report 1
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‘Students learned the concepts gsing the two simulaticn modes described
in thié Réport, and they participated in;one of the following thrée in- -
structional groups: \“

95952_1_(Experimental). These students interacted only with the film
loops developed in the study and_with computer interactive dialogs in |
which the <computer played the role‘of the student's lab partner. The dia-
logs simulated physical experiﬁents in force and motion, graphed the
unique data'collected by individual‘students, and provided feedback to
each student relative to his generalizations.

Group IL (Experimental). These students did not have access to
computer'terminais and interacted with the film loops and with simulated
data and problem sheets and their teachers. The simulated data and
problem‘sheets vere prepared from the computer lessons after the cdmputér
lessons had undergone initial revision.

QEQEP.:IL (Control). These students studied the same concepts as
did students in the experimental groups interacting wi£h their teachers
and with real laboratory materials as a normal part of their physics'
éourse. (The particular units were built largely around laboratory
exercises ITI-1 and III-2 and éupporting text materials of the Phyéical
Seience Study Committee.)

METHOD
Subjects

Subjects ih the study were physics students in five public high

‘schools in Massachusetts and Connecticut. These students were in

classes which met the following criteria:
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1. The Physics teacher was.reéarded as hizghly competent by
colleagues in science education;

2. The teacher was interested in having his classes participate
in the study and was able to coordinate necessary arrangeménts;

3. Group I classes were in schools having access to the computer
system which was to be used in the study;

4. Group IIT classes used PSSC laboratory materials with teachers
who had used the particular materials in previous years and
who regarded the particular PSSC laboratory exercises as very
important and effective learrning modules;

5. The student groups had similar academic and socio-econ